We studied absorption, distribution, metabolism, and excretion of polyamines (putrescine, spermidine, and spermine) in the gastrointestinal tract using 
Spermidine and spermine, including putrescine are major polyamines in mammalian tissues, and are essential for growth and differentiation. [1] [2] [3] Intracellular concentrations of these compounds might be maintained not only by polyamine biosynthesis but also by polyamine transport. [4] [5] [6] [7] Therefore, the uptake of exogenous polyamines should be estimated when planning strategies based on polyamine regulation to control malignant tumors. Exogenous polyamines mainly arise in the gastrointestinal tract then spread to the organs via the systemic circulation. [8] [9] [10] Recent in vitro and in vivo studies have shown that intralumenal polyamines derived from foods, enterobacteria, or other origins 11) are absorbed by passive diffusion through a paracellular route. [12] [13] [14] [15] These studies often used 14 C-putrescine, probably because the concentration of this compound in the gut lumen of experimental animals was higher than that of spermidine or spermine, 9) and 14 C-putrescine, as a precursor of spermidine and spermine, is easier to use than either 14 C-spermidine or 14 C-spermine in vivo. However, the metabolic fate of putrescine differs from that of spermidine or spermine; putrescine is actively degraded by diamine oxidase in tissues, blood, and gut lumen, where it can be utilized as an energy source. 13, 16, 17) To elucidate the complex behavior of polyamines in the whole animal, stable isotope-labeled polyamine tracers are suitability for routine studies. Dorhout and co-workers 18) have described the organ distribution and metabolic fate of orally administered tetradeuterium-labeled polyamines in rat pups measured by GC and mass fragmentography. They found that tetradeuterium polyamines were distributed among all organs tested and metabolized according to the pathway of polyamine biosynthesis and retroconversion. We recently developed a method using 15 N-labeled polyamines as tracer compounds, in which heptafluorobutyryl derivatives of polyamines are directly measured by ionspray ionization mass spectrometry (IS-MS) without the need for coupling with other separation techniques. 19) We used this methodology to examine the tissue distribution of orally administered 15 N-labeled polyamines in rats, and to obtain some understanding about the role of exogenous polyamines in vivo. The present paper describes the absorption, distribution, metabolism and excretion of exogenous polyamines using rats bearing solid tumors.
MATERIALS AND METHODS

Materials
Perchloric acid (PCA, 60.0-62.0%, super special grade), carboxymethyl cellulose, and heptafluorobutyric anhydride (GC grade) were purchased from Wako Pure Chemical Ind., Ltd. (Tokyo, Japan). Physiological saline was obtained from Ohtsuka Pharmaceutical Co., Ltd. (Tokyo, Japan). Standard polyamines (putrescine · 2HCl, spermidine · 3HCl and spermine · 4HCl) were purchased from Sigma (Japan). We prepared [1,4- Aliquots of cell suspensions (0.1 ml) were subcutaneously injected into the backs of Donryu rats (?, 6 weeks) anesthetized with ether. The animals were maintained for 2 weeks to develop solid tumors.
Conditions of Administration Experiments
The tumor bearing rats were separated into fasting and feeding groups. The fasting rats were maintained without commercially available chow 12 h before the oral administration of 15 Npolyamines during the night, and the feeding rats were given free access to chow. We administered 10 mM NSpm (all in 1 ml volumes) to three rats from each group. The rats were sacrificed by cervical dislocation 3 h after the oral administration. The small intestine (about 10 cm next to the duodenum), liver, kidney, and tumor were removed and washed at least 3 times with fresh physiological saline. The lumina were cut open and the small intestines were thoroughly washed. The tissue samples were immediately frozen in liquid nitrogen and stored at Ϫ30°C.
Preparation of Tissue Samples and Polyamine Determination by IS-MS Frozen organs were cut into similarly sized pieces with scissors and pasted on ice. Aliquots of the paste (0.3 g) were placed in a Potter-Elvehjem homogenizer, and homogenized with 1.0 ml of 0.1 M HCl. The homogenates were mixed with 1.0 ml of 0.5 M PCA and homogenized once more, then the supernatants were separated by centrifugation. The supernatants (0.1 ml) were mixed with internal standards containing 2 nmol of 13 C, 15 N-Put, 15 nmol of 13 C, 15 N-Spd, and 15 nmol of 13 C, 15 N-Spm, and fractionated by carboxymethyl cellulose column (0.2 ml) chromatography. The polyamine fractions were then derivatized with heptafluorobutyryl (HFB) as described. 19) HFB-polyamines were determined using an API 300 mass spectrometer (PE-SCIEX, Thornhill, Canada) with an attached ionspray ionization interface as reported. 19 15 Npolyamine in individuals to be determined, and the latter was conducted to confirm the preliminary observation of a higher level of 15 N-labeled spermidine than 15 N-labeled spermine in the liver. We sacrificed the rats 3 h after administration as described.
19) The levels of 15 N-labeled and endogenous polyamines simultaneously determined in the small intestine, liver, kidney and tumor by IS-MS, are summarized in Table 1 and are expressed as nmol/g wet weight of tissue. Values of 15 N-labeled polyamines are the meanϮS.E. of 2 or 3 rats, and those of endogenous polyamines are the meanϮS.D. of 12 rats. Table 1 shows that more 15 N-polyamines were detected in the four tissue locations from the feeding, than from the fasting group with a few minor exceptions. These findings seemed inconsistent with those predicted from a dilution of 15 Npolyamines with polyamines in foods, and suggested that this need not be considered under the present experimental conditions. In addition, the dose-dependent levels of 15 Npolyamines in the four tissues from both groups also suggested that the dilution effect on 15 N-polyamines of intralumenal polyamines derived from foods, enterobacteria, and from other origins is actually negligible when over least 10 mmol are administered. The distribution profile of 15 Npolyamines did not significantly differ between the fasting and feeding groups except for the higher values in feeding group. The results of feeding rats are discussed below. Endogenous polyamines were determined at the same time, and a difference between the two groups was observed in the liver and tumor. In the liver, the spermidine concentration was higher in the feeding, than in the fasting group, while the spermine concentration was higher in the fasting, than in the feeding group. Thus, the sum of the spermidine and spermine was almost constant. In the tumor, the concentrations of all three polyamines were higher in the feeding, than in the fasting group.
Comparison of Fasting and Feeding Groups
N-Polyamines in Tissues of Feeding Rats
The results from the feeding rats shown in Table 1 N-PA. These results were consistent with those of the preliminary observations using SD rats, 19) and indicate a preference for the uptake of spermidine to that of spermine via the active transport system of polyamines on the cell membrane. In contrast with the liver, the kidney contained a high level of 15 10 (4) 20 (2) 10 (1 25 (3) 36 (1) 29 (1) Ϫ 27 (5) 9 (2) 10 (2) 30 (1) 31 (2) 18 (10) 29 (8) 18 (9) ϩ 29 (14) 9 (6) Ϯ 24 (12) 21 (12) 15 (16) 12 ( 36 (20) 44 (10) 38 (11) ϩ 40 (12) 15 (8) ϩ 43 (24) 55 (32) 15 (10) 27 (10) 8 (5) 15 
